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(g) A spartc plug. 

@ In a spark plug, a nickel-ailoyed center elec- 
trode has a front end which has a front forming 
a spark gap with a ground electrode by way of a 
noble metal firing tip. The noble metal firing tip 
is secured to a front end surface of the constric- 
ted end by applying a laser beam welding to the 
aurfiaca around the crcumference of the extar- 
naJ Interface between the front end and the 
firing tip so as to form a wedge-shaped welding 
solid iffcatkin portion whrch exterwis into the 
centre electrode. 



Fig. 2 
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Tilts invention relates to a spaik plug for an inter- 
nal comfausdon engine in which a firing tip la secured 
to a front end of a center electrode and a method of 
manufacturing such a spark piug. 

In a center electrode of a spark plug for an inter- 
nal combustion engine, a composite structure has 
been used in which a heat-conductive core (Cu) is 
embedded in a heat-and ercsion-resistant dad metal 
(nickel-based alloy) as shown in Japanese Patent 
Publication No. 5&-2152. According to the Japanese 
Patent Publication No. 59-21 52» a noble metai faing 
tip is further bonded to a front end of the dad metal 
by means of electric resistance welding so as to irrv 
prove its resistance against spark-erosion. After com- 
pleting the electric resistance welding, the firing tip 
and the front end of the dad metal are milled respec- 
tively to make them diametrically even. 

With this nnethod, the electric resistance welding 
heats and presses the firing tip so as to make the 
edged corner of the firing tip rounded. As a result^.a 
higher voltage Is required for the spark plug to dis- 
charge between its electrodes. In order to recover the 
original edged corner, Ills necessary to mill the firing 
tip which wastes the expensive noble metal. 

In Japanese Patent PuWk:at!on No. 63-57919. a 
hole is provided at a front end surface of the dad met- 
al, and the firing tip Is placed within the hole to apply 
a laser beam welding from the front end of the dad 
metal to the firing tip. 

With this method, it is necessary at the time of 
the laser beam welding to place the firing tip deep 
enough into the hole to positiveiy secure the firing tip 
against inadvertent removal. This requires an in- 
creased quantity of the noble metal whrch makes the 
firing iip costly. 

According to one aspect of the present invention 
there is provided a spark plug comprising a ground 
electrode and a centre electrode having a front end 
with a firing tip welded thereto, the firing tip forming 
a spark gap with said ground electrode, characterised 
by weld extending around the circumference of the 
external interface between said front end and said fir- 
ing tip and into said centre electrode at said interface. 

According to another aspect of the present Inven- 
tion there is provided a method of manufacture of a 
spark plug with a ground electrode and a center elec- 
trode having a front end with a firing tip thereto and 
forming a spark gap with saJd ground electrode, 
wherein saki method indudes the step of welding 
said firing tip to said front end and b characterised by 
carrying out the welding around the circumference of 
the external interface between sakI front end and 
said firing tip such that weld extends into said centre 
electrode at said interface. 

Advantageously the weld is a laser beam weld, 
an argon weld or an electron beam weld. 

Preferably, saki fh)nt end is constricted as con> 
pared with the rest of said centre electrode. 
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Advantageously saki firing tip is of generally sim- 
ilar cross-section to the surface of said front end to 
which said firing tip is welded. 

Preferably In said longitudinal cross section sakJ 
5 weld has a wedge shaped cross section. 

Advantageously said firing tip is made of a noble 
metal. With the noble metal firing tip welded to the 
front end. it b possible to decrease the required spark 
voltage without sacrificing a good ignitability with a 
10 minimum amount of spark erosion and with a reduced 
amount of noble metal. Thus the service life can be 
extended and the cost lowered. 

Preferably, where D is a diameter of said firing tip. 
T is a thickness of said firing tip. L is a length of saki 
15 front end of said centre electrode. A is a depth of pen- 
etration of saki '//eld, R is a radius of said firing tip, and 
B is a width of said weld measured at an outer surface 
of both saki front end and said firing tip. and 

wherein a dimensional relationship between D. 
20 T, L. A. R and B is as follows: 
0.5mm SDS 1,5 mm. 
0.3 mm x= T := 0.6 mm, 
0,2 mm ^ L ^ 0.5 mm. 
R/3:HA:SR, 
25 0.3 mm ^ B S 0.8 mm. 

With the dimensranal relationship defined as 
above, it b possible to decrease the required spark 
voltage with a smaller amount of noble metai, and en- 
suring a good ignitablity with a minimum amount of 
30 spark erosion. 

Preferably, laser beam welding is applied inter- 
mittently to the outer surface of both the conshicted 
end and the firing tip in order to partially overlap 
neighborkig shot spots of the laser beam welding, 
35 each front end limit of the shot spots being away from 
a front end surface of the firing tip by at least 0.1 mm. 

With the neighboring shot spots partially overlap- 
ped and the front end limit of the shot spots being 
away from a front end surface of the firing tip by at 
40 least 0.1 mm. it is possible to positively maintain the 
firing tip secured to the front end of the center elec- 
trode without falling off the center electrode Inadver- 
tently at the time of the spark discharging in which the 
spark plug undergoes the high pressure and highly 
45 heated environment. With the edged corner of the.fir- 
Ing tip nsmalning intact. It is possible forthe spark plug 
to discharge with a minimum voltage. 

Preferably the center electrode comprises a heat- 
resbtant dad metal and a heat-conductive core env 
50 t>edded in the clad metal, and a front end of the heat- 
conductive core is either in thermally transferable 
contact with a rear end surface of said firing tip cr 
within I.Smmof the rear end surface of said firing tip. 
With the above structure, the heat b preferably 
55 transferred from the firing tip to the heat-conductive 
cere to prevent the temperature of the firing tip from 
excessively rising. Thb makes it possible to reduce 
the voltage required to dbcharge between the elec- 
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trodes with a minimum amoLTit of the spark erosion 
even when a thinner firing tip ta used. 

In order that the invention may be more readily 
understood the fdlowing description is given, by way 5 
of example only, with reference to the accompanying 
drawings, in which: 

Fig. 1 is a plan view of a spa-k plug, with its left 

haff sectioned; 

Fig. 2 is a longitudinal cross sectional view of a to 
front portion of a center electrode; 
Fig. 3 is a perspectivo view of the front portk)n of 
the center electrode; 

Fig. 4 is a graph showing a relationship bet^z/een 

a dian>eter of a noble metal firing lip and a spark i5 

gap Increment; 

Fig. 5 is a longitudinal cross sectional view of the 
front portion of the center electrode when a thick- 
ness of the firing tip is less than 0.3 mm; 
Fig. 6 is a graph showing a relationship between 20 
a penetrated depth (A) of a welding solidification 
portion and number of operating cydes required 
for the firing tip to fafl off the center electrode; 
Fig. 7 Is a graph showing a relationship between 
a spark gap increment and a distance frcm thef r- 25 
Ing tip to a heat-conductive core; 
Fig. 8 is a view similar to Fig. 2 according to a first 
modified form of the embodiment of Rg. 2; 
Fig. 9 is a view simflar to Rg. 2 according to a sec- 
ond modified form of the embodiment of Fig. 2; 30 
Fig. 10 Is a view sanilar to Rg. 2 according to a 
third modified form of the embodirr>ent of Fig. 2; 
and 

Fig. 11 is a view similar to Fig, 2 according to a 
fourth modified form of the embodimient of Rg. 2; 36 
Referring to Fig. 1 which shows a spark plug 100 
according to the invention, the spark plug 100 has a 
cylindrical metailic shell 2 whose front end has a 
ground electrode 1 by means of welding. An inner wall 
of the metallic shell 2 has a shoulder portion 21. whBe 40 
a rear end of the metallic shell 2 has a thin head 23. 
Within the metailic shell 2. a tubular insulator 3 is con- 
centrically supported by resting a stepped portion 31 
of the insulator 3 on the shoulder portran 21 by way 
of a packing 22. The thin head 23 Is Inturned by 4S 
means of caulking to secure the insulators against re- 
moval. An Inner space of the Insulator 3 serves as an 
axial bore 32 in which a center electrode 4 is placed 
by engaging a flange 4B against a shoulder seat 32a 
provided at an inner wall of the insulator 3. The front so 
end of the center electrode 4 has a constricted end4A 
which extends slightly beyond the insulator 3 to form 
a spark gap (Gp) ^Aith the ground electrode 1 through 
a firing tip described hereinafter. To a rear end of the 
center electrode 4, is a middle axis 5 connected which 55 
has an electrically conductive glass sealan^. 51. a 
monolithic resistor 52 and a terminal 53. The spark 
pKjg 100 thus structured is secured to a cylinder head 
of the internal combustion engine (not shown) by way 



of a gasket 25 and a threaded portion 24 provided at 
the metailic shell 2. 

The center electrode 4 has a clad metal 41 and a 
heat-conductive core 42 embedded In the dad metal 
41 as shown in Fig. 2. The dad metal 41 may be 
made, for example, of Inconel 600 including 'ron (Fe) 
and chromium (Cr)and may include nickel, while the 
heat-conductive core 42 nrray be made, for example, 
of an alloyed metal with copper (Cu) or stiver (Ag) as 
a main component To a front end surface of 43 of the 
constricted end 4A, a noble metal firing tip 6 is bonded 
by way of a laser beam welding. A diantete r of the fir- 
ing tip 6 (3 the same as the constricted end 4A. and 
may be, for example, of platinum (Pt). iridium (Ir), R- 
!r alloy or iridium- based alloy including oxides of rare 
earth metals. In this instarKe. a front end 44 of the 
heat-conductive core 42 is either thermally transfer- 
able contact with a rear end 53 of the firing tip 6 or 
away frmi the rear end 63 within the range of 1.5 mm. 

The laser beam welding is carried out by using 
YAG (yttrium, aluminum and garnet) laser beams (Lb) 
with one shot energy as 2 Joules. 

The laser bean\3 (Lb) are applied Intermittently to 
a circumferential interface between an front end sur- 
face 43 of the constricted end 4Aand a rear end 63 
of the firing tip 8 as understood by comparing Rg. 2 
to Fig. 3. In this instance, the laser beams (Lb) are di- 
rected in the same plane as the interfece plane be- 
tween the constricted end 4A and the firing tip 8. As 
shown at an arrowed drde (X) in Rg. 3. the laser 
beams (Lb) are shot sufficient times all through their 
circumferential length to at least partially overlap 
neighboring shot spots 71 of the welded portion, the 
laser beams {Lb) causes to form a wedge-shaped 
welding solidification alloy portion 7 in which the dad 
metal 41 and the firing tip 6 are fused each other. 

In this instance, it is necessary that each front 
end limit (LI) of the shot spots 71 is away from a front 
end surface 61 of the firing tip 6 by at least 0.1 mm. 
This is because a edged comer 62 of the firing tip 6 
is rounded by the heat of the laser beanw so as to re- 
quire an Increased spark voltage when the each front 
end limit (L1) of the shot spots 71 extends to the front 
end surface 51 of the firing tip 6 beyond the limit of 
0.1 mm. 

The welding solidification alloy portton 7 Is such 
that it has an intermediate physical property (e.g. 
thermal expanslonal coefficient) between the dad 
metal 41 and the firing tip 6. This makes it difficult to 
fall the firing tip 6 off the clad nr>etal 41 due to the ther- 
mal expansional difference between the dad metal 
41 and the firing tip 6 when the front end of center 
electrode 4 is exposed to a high temperature environ- 
ment. 

A dimensional relationship between D. T. L, A R 
and B is as follcvys: 

0.5 mm ^ D r£ 1.5 mm. 
0.3 mm^JTsJ 0,8 mm. 
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0.2 mm := L := 0,5 mm, 
R/3 ^A^R. and 
0.3 mm 15 B 0.8 mm. 
Where 5 
(D) i3 a diameter of the firing tip 8, 
(T) is a thickness of the firing tip 6. 
(L) is a length of the constricted end 4A of the 
center electrode 4, 

(A) is a depth of the welding solidification alloy io 
portion 7 penetrated how far from the outer surface 

of both the constricted end 4A and the firing tip 8. 
(R) is a radius of the firing tip 8. and 

(B) is a width of the welding soiidrfication alloy 
porton 7 measured at the outersurface both the con- is 
slricted end 4A and the firing tip 6. 

The reason when the formula 0.5 mm ;S D ^ 1.5 
mm is determined is as follows: 

Fig. 4 shows a graph how the spark gap changes 
depending on the diameter (D) of the firing tip 6. The 20 
graph is obtained after carrying out an endurance ex- 
perinent test at full throttle (5000 rpm) for 300 Hrs 
with the spark plug 100 nwjunted on an internal conrv 
bustion enghne (six-cyilnder, 20CO cc). 

As apparentfrom Fig, 4. the spark discharge con- 23 
centrates on the firing tip 6 to rapidly Increase the 
spark gap when the diameter (D) of the firing tip 6 is 
less than 0.5 mm. That is to say. the diameter (D) less 
than 0.5 mm pronr>ptIy develops the spark erosk?n of 
the firing tip 6 although the voltage required for the 30 
sparK plug to discharge is reduced with the decrease 
of the diamter (D). 

Meanwhile, the dianneter (D) exceedirig 1^ mm 
causes to v/orsen the ignitablity by the increased sur- 
face area of the firing tip 6, and at the same time, in- 35 
creasing the anrjount of the noble nr>etai to wake it 
costly. 

The reason why the thickness (T) of the firing tip 
6 is more than 0.3 mm is as follows: 

When the thickness (T) is less than 0.3 mm, the 40 
edged corner 62 of the firing tip 6 is rounded at the 
time of applying the laser beam welding so as to in- 
crease the voltage required for the spark plug to dis- 
charge as shown in Fig. 5. 

The reason why the thickness (T) of the firing tip 4S 
6 is less than 0.6 mm is that the amount of the noble 
metal not Involved In the spark-erosion resistance In- 
creases to make it costly when the thickness (T) ex- 
ceeds 0,6 mm. 

When the length (L) of the constricted end 4A is so 
less than 0J2 mm. the heat of the laser beam welding 
is partially drawn from the clad metal 41 to the heat- 
conductive core 42. This makes it difficult to evenly 
fuse the interface between the faring tip 6 and the 
constricted end 4A. 55 

When the length (L) of the constricted end 4A ex- 
ceeds 0.5 mm, the clad metal 41 is exposed to an in- 
creased annount of the laser beam heat so as to de- 
velop blowholes or cracks in the clad metal 41 at the 



time of carrying cut the laser beam welding partici>- 
larly because the clad metal 41 has a melting point 
smaller than the firing tip 6. 

The reason why the formula R/3 ^ A ^ R Is ob- 
tained is as follows; 

Fig. 6 is a graph showing a relationship between 
the penetrated depth (A) of the welding solidification 
alloy portion 7 and a repeated numl>er of endurance 
cydes required to fall the firing tip 6 off the constricted 
end 4A. The graph is obtained after carrying out the 
endurance cycles alternately between a full throttle 
(5000 rpm) for 1 min. and an Wle operation for 1 min. 
with the spark plug 100 mounted on an internal com- 
bustion engine (sbc-cylinder. 2000 cc). 

In this instance, the relationship of the depth (A) 
and the radius (R) is classified into eight cases. 

These are A < R/5 (1). A = Rys - Ry4 (I). A = R/4 
- R/3 (IIO. A= R/3 - R/a (IV), A = R/2 ^ 2R/3 (V). A 
= 2R/3 - 3R/4 (VI), A = 3R/4 R (VII) and A > R (Vllf). 

As apparent from Rg. 4, the firing tip 6 does not 
fall off the constricted end 4A even when exposed to 
1 000 times of the repeated number of endurance cy- 
cles upon determining the relationship as A = R/3 - 
Ry2 (IV). 

In the case of (VIII). it la not desirable to deter- 
mine as A> R since it is found that blowholes occurs 
on which the neighboring shot spots 71 overlap al- 
though the firing tip 8 does not fall off the constricted 
end 4A, 

The reason why the width (B) of the welding sol- 
idification alloy portion 7 is determined as more than 
0.3 mm is as follows: 

When the width (B) is less than 0.3 mm, a short- 
age of the laser beams {lb) fails to satisfy that the 
penetrated depth (A) is more than 1/5 of the diameter 
(D) of the firing tip 6. This causes to fail the firing tip 
6 off the clad metal 41. 

When the width (B) exceeds 0.8 mm, the firing tip 
6 is exposed to an increased amount of the laser 
beam heat so as to mdt the edged comer 62 of the 
firing tip 6. Otherwise, the increased amount of the 
laser beam heat develops blowholes or cracks In the 
clad metal 41 at the time of carrying out the laser 
beam welding particularly because the dad metal 41 
has a nr>elting point smaller than the faring Hp 6. It is 
appreciated that the width (B) falls preferably within 
the range from 0.4 mm to 0.5 mm. 

The following Is a reason why the front end 44 of 
the heat-conductive core 42 is either thermally trans- 
ferable contact with the rear end 83 of the firing tip 8 
or away from the rear end 63 within the range of 1,5 
mra 

Fig. 7 shows a graph hew the spark gap changes 
depending on a distance (C) between the front end 44 
of the core 42 and the rear end 63 of the firing tip 6 
as denoted in Fig. Z The graph is obtained after car- 
rying out an endurance experiment test at full throttle 
(5000 rpm) for 300 Hrs with the spark plug 100 
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mounted on an internal combustion engine (six-cylin- 
der, 2000 cc). 

As apparent fronn Fig. 7, the distance (C) exceed- 
ing 1.5 mm rapidly increases the spark gap. This rs 
because the firing tip 8 undergoes a considerable 
amount of the corrosion or erosion due to the short- 
age of effectively dra*//ing the heat from the firing tip 
6 to the heat-conductive core 42. 

Figs. 8—11 show modrfiedforn^ of the invention. 

In a first modified form in Fig. 8. the front end sur- 
face 43 of the constricted end 4A has a projection 
head 45 interfit into a recess 64 provided with the rear 
end 03 of the firing tip 6, This enables to obviate the 
necessity of provisionaJly holding the firing tip in place 
at the lime of appfyirrg the laser beam welding. 

In a second ntodified form in Fig. 9, the front end 
surface 43 of the constricted end 4A has a recess 46 
into which a projection head 65 is interf it which is pro- 
vided with the rear end 63 of the firing tip 6. The pro- 
jection head 65 conges near to the core 42 so that it 
enables to readily draw the heat from the firing tip 6 
to the heat-conductive core 42 at the time cf applying 
the laser beam welding. 

In a third nrtodified form in Fig. 10, a cruciform 
groove 66 Is provided on the front end suface 61 of 
the firing tip Q. This makes it possit>Ie to virtually in- 
crease the spherical volume between the front end 
surface 61 and the ground electrode, and thus pre- 
venting the spark discharge from inadvertentiy extin- 
guishing so as to reduce the variation of the discharge 
voitage with a good ignitability. 

In a fourth modified form in Fig. 11 , the dianrwter 
(D) cf the firing tip 6 is smaller than a diameter (Do) 
of the constricted end 4A The laser beam welding is 
applied to an interface between the firing tip 6 and the 
constricted end 4A all through their dncumferenUal 
length. This enables to reduce an amount of the noble 
metal to make It advantageous from the cost-saving 
viewpoint. 

It is noted that an argon welding and electron 
beam welding may t>e used instead of the laser beam 
welding. 

It is also noted that the ground electrode may be 
made In Integral with the metallic shell Instead of 
welding it to the metallic shell. 

Further, It Is appreciated that the ground elec- 
trode may be made of a composite column in which a 
copper core Is embedded In a clad nrtetal In the same 
nr>annef as the center electrode 4 assembled in the 
embodiment of the invention. 

While the invention has been described with ref- 
erence to the specific embodinrwnts. it is understood 
that this description is not to be construed in a limiting 
sense in as much as various modifications and addi- 
tions to the specific emtKxiiments may be mad© by 
skilled artisan without departing from the scope of 
the invention. 



Claims 

1 . Aspark plug (1 00) comprising a ground electrode 
5 (1) and a centre electrode (4) having a front end 

(4A) v/ith a firing tip (6) welded thereto, the firing 
tip forming a spark gap with said ground elec- 
trode (1), characterised by weld extending around 
the circumference of the external interface be- 
10 tween said front end (4A) and said firing tip (6). 

and into said centre electrode at said interface, 

2. A spark plug (1 00) according to claim 1 , wherein 
said front end (4A) is constricted as compared 

15 with the rest of said centre electrode (4). 

3. Aspark plug according to one of daims 1 and 2. 
wherein said firing fa*p (6) is of generally similsr 
cross-section to the surface of said front end (4A) 

20 to which said firing tip (6) is welded. 

4. A spark plug according to any one of the preced- 
ing daims, wherein in longitudinal cross section 
along said centre electrode (4) said weid has a 

25 generally wedge-shaped cross section. 

5. Aspark plug according to any one of the preced- 
ing dainrra, where D is a diameter of said firing tip 

(6) . T is a thickness cf said firing tip (6). L is a 
30 length of said front end (4A) of said centre elec- 
trode (4). A is a depth of penetration of said weld 

(7) , R is a radius of said firing tip (6), and B is a 
width of saki weld (7) measured at an outer sur- 
face of both said front end (4A) and said firing tip 

35 (6). and 

wherein a dimensk^nal relationship t>e- 
tv/een D, T, L. A, R and B is as follows: 
0.5 mm £ D ^ 1.5 nnm. 
0.3 mm s T ^ 0.6 mm, 
40 0J2 mm ;S L ;S 0.5 mm, 

R/3^A^R. 
0.3 mm := B :s 0.6 mm. 

6. A spark plug according to any one of the preced- 
45 Ing daims. wherein the weld comprises a plurality 

of overiapping neighbouring spot shots (71) 
whereby the v/eld extends around the full sakI cV- 
cumfference. 

50 7, A spark plug (100) according to any one of the 
preceding daims, wherein a spadng of at least 
0.1 mm exists between a front surface of said fir- 
ing tip (6) and said weld. 

55 6. A spark plug (100) according to any one of the 
preceding claims, wherein said centre electrode 
comprises a heat-resistant clad metal (41) and a 
heat-conductive core (42) embedded in the dad 
metal (41). and a front end of the heat-conductive 
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core (42) is either in thermaJly transferable con- 
tact with a rear end surface of said firing tip (3) 
or within 1.5 mm of the rear end surface of said 
firing tip (6). 5 

9. A spark plug (100) according to any one of the 
preceding daims. wherein said firing tip (6) is 
made of a noble metal and/or the weld Is depos- 
ited by one of laser t>eam welding, arg on welding io 
and electron beam welding. 

10. A method of manufacture of a spark plug with a 
ground electrode (1) and a center electrode (4) 
having a front end (4A) with a firing tip (6) thereto 15 
and forming a spark gap wfth sakJ ground elec- 
trode (1). wherein said method includes the step 

of welding said firing tip (6) to sakJ front end (4A) 
and is characterised by carrying out the welding 
around the circumference of the external Inter- 20 
face between said fh>nt end (4A) and said firing 
tip (6) such that wdd extemJs intn said centre 
electrode (4) at said interface. 

23 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 7 
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